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ABSTRACT

Light intensity and drought stress were studied as
predisposition factors for dogwood anthracnose.

Two-year-

old potted dogwood trees (Cornus florida L.) were placed in
one of the following light treatments on July 17, 1991: 100,

50, 10, or 2% ambient light.
in plots in full sunlight.

Trees in 100% light were set

Trees in the other three light

treatments were placed in tents constructed of 50% light
transmission cloth, 10% light transmission cloth, or 2%
light transmission cloth.

In June of 1992, trees from each

light treatment were inoculated with Discula destructiva
Redlin sp. Nov., the causal agent of dogwood anthracnose.

Trees from each light treatment were inoculated naturally by

placing them under infected dogwood trees. The remaining
trees from each light treatment were inoculated artificially

by placing them under a plastic grid which held infected
branches of C. florida leaves. Water was misted above the

infected branches from dawn to dusk and trees were sprayed

once with a suspension of D. destructiva conidia.

After

inoculation, the trees were returned to the appropriate

light treatments and some of the trees from each light
treatment were subjected to drought.

Every fourth day,

disease progression on leaves was monitored on each tree.
The method of inoculation (natural or artificial) did not

significantly affect disease progression.

Disease

progression was low in the 100 and 50% light treatments,
iii

greater in the 2% light treatments, and greatest in the 10%
light treatments.

Water deficits greatly accelerated the

development of disease among the 50, 10, and 2% light
treatments.

Evaporative potential increased with light

intensity, and a combination of high light intensity and
high evaporative demand apparently suppressed disease
progression in the 100% light treatment despite drought.
Chlorophyll concentrations increased with each decrease in
light intensity.
Heat treatments were studied as a therapeutic control
measure for dogwood anthracnose.

Detached dogwood leaves

infected with D. destructiva were heat treated at 25, 40,
and 45 C for periods of 12, 24, 48, 72, and 96 hrs.

Piscula

destructiva spores were confirmed on leaves after
temperature-time treatments of 25 C for 96 hrs, 40 C for 96
hrs, and 45 C for 48 hrs.

Numbers of leaves with viable

spores declined with increased temperature and incubation

time.

When similar temperature-time treatments were applied

to infected dogwoods with fully expanded leaves, D.

destructiva sporulation was not affected by the heat
treatments.

However, temperature-time treatments at and

above 45 C-48 hrs resulted in damage to the trees.

Healthy

dormant seedlings were able to withstand the temperaturetime treatments with no apparent adverse effects.
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PART I

LIGHT INTENSITY AND DROUGHT AS
PREDISPOSITION FACTORS FOR DOGWOOD ANTHRACNOSE

i.

INTRODUCTION

The flowering dogwood, Cornus florida L., is a common
native, deciduous understory tree throughout the eastern
United States (30).

In addition to being a valuable source

of food for 42 species of birds and 12 species of mammals,,

it is a prized ornamental because of its beautiful pink or
white bracts (35).

More dogwoods are sold in Tennessee than

any other state, with 1989 wholesale dogwood sales estimated
at 30 million dollars (35).

The role of the flowering dogwood as an important

ecological and economic resource is threatened by a disease,
dogwood anthracnose (18).

The disease was first reported in

1978 and 1979 in New York and Connecticut and was mistakenly
attributed to infection by Colletotrichum qloeosporioides

(Penz.) Penz. & Sacc. in Penz. (27).

Recently, Redlin (28)

described the fungus, Discula destructiva Redlin sp. Nov.,
as the causal agent of dogwood anthracnose.

The fungus

first invades leaves causing necrotic lesions to develop,
and subseguently, infection grows through to twigs and
branches (19).

Twig and branch dieback occurs in the lower

canopy first (14) because the lower foliage stays wet for a
longer period of time after rainfall or dew (21).

Other

symptoms of the disease include proliferation of epicormic
shoots, trunk cankers, stem dieback, and tree death (18,36).
Light intensity appears to have a substantial effect on
symptom expression.

Lesion enlargement rates on leaves have

been reported to be higher in shaded versus nonshaded leaves

(25), and trees in northeast-facing plots had significantly
more foliar symptoms of dogwood anthracnose than trees in

southwest-facing plots receiving more light (11).

Disease

severity (reported as the percentage of leaf area with

anthracnose lesions) was also reported to be greater in
canopies associated with low evaporative potential (10).
Evaporative potential is a measure of the degree to which

the climate is favorable to the process of evaporation (26)
and is influenced by solar radiation, wind, temperature, and

atmospheric humidity (7).

Further research is necessary to

quantify the relationship between light intensity and
disease severity.
Some plants under water stress may be more susceptible

to infection by pathogens (15,22,33).

Predisposition to

disease is probably related to both the intensity and the
duration of water stress (13,32,34).

The root system of C.

florida is very shallow and the USDA Forest Service has

recommended weekly watering during drought in order to
maintain healthy trees (2).

This recommendation is

supported by research conducted on dogwood trees inoculated

with Lasiodiplodia theobromae (Pat.) Griffon & Maubl.

The

drought-stressed trees developed larger cankers than

nondrought-stressed inoculated trees (24).

Also, in August

of 1990, all dogwood trees in Auburn, Alabama were droughtstressed and acervuli of D. destructiva were identified

consistently on blighted leaves (8).

Further research is

needed to establish the relationship between drought-stress
and the severity of dogwood anthracnose.

The objectives of this study were:

1) to identify the

optimum range of light for pathogenesis of dogwood
anthracnose, 2) to determine the possible relationship of
water stress to pathogenesis of dogwood anthracnose, and 3)
to compare the effects of natural and artificial inoculation

on pathogenesis of dogwood anthracnose.

ii.

MATERIALS AND METHODS

Light treatments.

In December, 1990, 156 dogwood trees

approximately 1.5 m in height were potted in 100% pine bark
with fertilizer amendments in Phoenix 2000 containers (Zarn,
Incorporated, Reidsville, North Carolina).

The outside of

the black containers were painted with white latex paint to

help minimize differences in soil temperatures among the
light treatments.

Trees were assigned on July 17, 1991 to

one of four nominal light treatments: 100, 50, 10, or 2%

ambient light.

Trees in the 100% light were set in plots in

full sunlight.

Trees in the other three light treatments

were placed in tents constructed of 50% light transmission

shade cloth (DeWitt Company,Incorporated, Sikeston, MO), 10%
light transmission shade cloth, and 2% light transmission
shade cloth (achieved by placing 10% light transmission

shade cloth over 25% light transmission shade cloth).

The

bottom 0.3 m on all sides of the shade cloth tents was not

covered by fabric in order to facilitate air movement and

keep differences in diurnal air temperatures insignificant
among the light treatments (4).

Each treatment was

replicated three times with 12 trees within each replicate.
For protection against low winter temperatures, trees were
transported to a cold frame on December 17, 1991 and
returned to the field on March 17, 1992.

Inoculation treatments.

On June 6, 1992, six trees

were randomly selected from each replicate and were

transported to a forest near Ozone, Tennessee.

The trees

were inoculated with D. destructiva by placing them under
naturally infected dogwood trees.

In addition to canopy

wetting by rainfall, the naturally infected canopies of
trees were sprayed with water every other evening so that
inocula of D. destructiva would drip onto the experimental

trees.

After lesions on the leaves were detected 25 days

later, July 1, the trees were returned to the University of
Tennessee and placed in the appropriate light treatments.
Three additional trees were randomly selected from each

replicate and taken to Asheville, North Carolina on June 15,
1992 to be artificially inoculated with D. destructiva.
Trees were placed under a plastic grid which held branches
of C. florida leaves infected with D. destructiva.

Water

was continuously misted above the plastic grid from dawn to
dusk so that inocula would drip onto the trees.

The trees

were also sprayed once until wet with a suspension of D.
destructiva conidia (20,000 spores/ml).

After lesion

development (15 days later, June 30) trees were transported
back to the University of Tennessee and placed back in the
appropriate light treatments.
Drought treatments.

Water was withheld from six plants

(inoculated at Ozone, Tennessee) in each light treatment,
two plants per replicate.

Soil drying was monitored with

heat dissipation sensors (Soiltronics, Burlington,
Washington) buried in each pot.

The sensor used a copper-

constantan thermocouple and a heating element inserted in a
porous ceramic block to measure soil temperature before and
after a 20 sec heating period.

Because water conducts heat

more rapidly than air, a greater temperature rise

(temperature after heating - temperature before heating)
indicated drier soil.

Relative soil temperature rises

(temperature rise/air-dry temperature rise) of all drying
pots were measured every morning and plants were rewatered

when the relative temperature rise reached or exceeded 0.45
C.

This was the minimum relative temperature rise at

wilting of the first few plants during the first drought
cycle.

This treatment represented what was considered a

moderate level of drought; not all plants wilted during the

first drought cycle and few plants wilted in subsequent

cycles.

Air-dry temperature rises varied slightly among

sensors (2.50 to 2.68 C) and were determined individually
for each sensor.

Relative temperature rises in well-watered

pots ranged from 0.22 to 0.30 C.

Drying cycles were

repeated until the end of the experiment.

The mean number

of drying cycles was 3.0±0.9 for plants in the 100% light
treatment, 3.7±0.5 for 50% light, 3.8±0.8 for 10% light and
1.7±0.8 for 2% light.

Sensors were coated in a kaolinite

slurry and buried in an 268 cm^ pocket of autoclaved loamy
soil 4-6 cm from the side of the pot and approximately 9 cm
deep.

The kaolinite and soil pockets were used to improve

sensor contact with the bark medium.

Heat pulses and

temperature measurements were obtained with a datalogger
(model CRIO, Campbell Scientific, Logan, Utah).

A period of

frequent rain necessitated mounting white plastic rain
shields above pots on tree trunks on August 11.

Pots of

control (watered) plants were also shielded to minimize
differences in soil temperature among treatments.

Shields

allowed ample soil ventilation and were left in place for
the remainder of the experiment.
Environmental characterization of the light treatments.

To characterize light treatments, photosynthetic photon flux
density (PPFD, 400 to 700 nm), air temperature and soil

temperature of one pot were monitored in one replicate of
each light treatment for 24 hours, 10 am September 1 to 10
am September 2, 1992.

PPFD was monitored every second and

integrated every 10 minutes, and temperatures vere recorded
every 10 minutes.

PPFD was measured with quantum sensors

(model LI-190SA, LI-COR, Lincoln, Nebraska) mounted level on

poles 1.5 m above the ground and unshaded by foliage.

Air

temperature was measured with copper-constantan
thermocouples mounted 7 cm below the quantum sensors and

shaded with aluminum foil cones to prevent solar heating.
Soil temperature was measured with the thermocouple in the
heat dissipation sensors (Soiltronics, Burlington,
Washington) described above.
recorded with a datalogger.

Readings from all sensors were
Cumulative PPFD, and maximum

and minimum air and soil temperatures are listed in Table 1.

On July 2, 1992, a

Livingston atmometer (C&M Meteorological

Supply, Riverside, California) was mounted on a pole 1.5 m
above ground level and unshaded by foliage in the middle of

one replicate of each light treatment.

Atmometers were

weighed weekly with a field balance (Sartorius North
America, Inc., Long Island, New York) to determine

evaporative potential during the time data on disease
progression was recorded.

Disease assessment.

Every fourth day, disease

progression was monitored on each tree using a scale similar
to the modified Horsfall-Barrett scale (37); instead of

estimating necrotic leaf area, disease severity was reported
as the percentage of leaves with lesions per tree.

Horsfall-Barrett disease rating scores were converted to

estimate mean percentages of disease severity (29).
Chlorophyll Analysis.

Leaves from the remaining three

trees of each replicate were sampled and analyzed for
chlorophyll content (19).

One terminal, recently expanded,

unshaded leaf was sampled from each of the three trees and

placed in Whirl-Pak plastic bags (Baxter Diagnostics, Inc,
McGaw Park, Illinois) containing enough distilled water to

immerse the petioles.

Leaves were rehydrated (brought to

100% relative water content) to standardize water contents
and hence fresh weights among samples.

The bags were then

placed upright on ice to retard enzyme degradation (3,4) and
returned to the laboratory.

Collection occurred between

2:15 and 3:15 P.M.

A single sample (approximately 0.1 g)

was torn from each leaf, weighed to the nearest 10"^ g,
placed in a zip lock bag, and stored in an ultra-low freezer
at -80 C (19) until analyzed for chlorophyll (19).
Each leaf sample was fractioned and placed into a 16 x
100 mm glass culture tube.

Seven ml of spectrophotometric

grade dimethyl sulfoxide (DMSO) (Baxter Diagnostics, Inc.,
McGaw Park, Illinois) were added to each tube.

Tubes were

placed in a hot water bath at 65 C for three hours to
extract the chlorophyll.

The extract was transferred to a

graduated cylinder and DMSO was added until the volume was

10 ml.

The extract was then transferred to a 4.5 ml square

plastic cuvette and optical density (CD) readings were made
at 645 and 663 nm on a spectrophotometer (model UV-160u,

Shimadzu Corporation, Kyoto, Japan) against a DMSO blank.
Chlorophyll content of the samples were calculated following

the equation used by Arnon: C = 20.200^^^ + 8.02OD^^3 (1).
Chlorophyll concentrations were compared in mg/g fresh
weight among the different light treatments.

Statistical analysis.

Each light treatment was

uniquely assigned to three shade cloth tents.

Within each

tent, three combinations of water and method of inoculation

were evaluated: 1) nondroughted, natural inoculation, 2)
nondroughted, artificial inoculation, and 3) droughted,
natural inoculation.

The number of trees allocated to each

combination within each shade cloth tent were 4, 3, and 2,
10

respectively.
13 dates.

All trees within each tent were evaluated on

The effects of shade clot tents and all

interactions involving tents were deemed to be random
variables with all other factors deemed to be fixed classes

of effects in preliminary statistical analysis of the data.

Thus, a mixed model analysis was completed via GLMM (5).
Only two random variable components were different from

zero.

The final model used to analyze the data contained

(method of inoculation)*tent*(water treatment)/light
treatment and residual as random components with light
treatment, method of inoculation, water treatment, and date,
and their two and three-way interactions deemed to be fixed.

To more closely approximate the assumption of homogenous

subgroup variances, the response variable (percentage of
leaves with lesions) was transformed via a logarithmic
transformation.
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iii.

RESULTS

Disease progression cunong the light and drought
treatments.

The method of inoculation (natural or

artificial) did not significantly affect disease
progression, whereas the effect of light treatment on
disease progression was significant (Table 3).

Disease

progression (measured by the increase in the percentage of
leaves with lesions) was slow among all nondrought light
treatments (Figures 5 and 6) until after July 29.

After

that date, the increase in the percentage of leaves with

lesions on trees in the nondrought 10% light treatment was
pronounced.

At the end of the disease assessment period,

the percentages of leaves with lesions on the trees in the

nondrought 10% light treatment that were inoculated

naturally and artificially were 24 and 13%, respectively.
Among the trees in the nondrought 100, 50, and 2% light
treatments, the increase in disease severity was gradual
throughout the disease assessment period.

Differences in

disease progression were insignificant between the
nondrought 100 and 50% light treatments and the increase in

the percentage of leaves with lesions was minimal among

these trees.

Within the nondrought 2% light treatment, the

percentage of leaves with lesions on trees inoculated

naturally and artificially reached 12 and 9%, respectively.
Date and drought interaction had a significant effect on

disease severity (Table 3).

In comparison with trees in the
12

nondrought light treatments, drought stress increased the

percentage of leaves with lesions significantly except for
those trees receiving 100% light (Figures 7 and 8).

At the

end of disease assessment, the percentages of leaves with

lesions among the drought trees were 3, 15, 35, and 27% for

the 100, 50, 10, and 2% light treatments, respectively.
Chlorophyll analysis.

Chlorophyll concentrations (mg/g

fresh weight) in leaves increased as light treatment

intensity decreased (Table 2).

The 100, 50, 10, and 2%

light treatments have mean chlorophyll concentrations (mg/g
fresh weight) of 1.1, 1.5, 2.7 and 3.2, respectively.
Environmental characterization of the light treatments.

The cumulative PPFD of the shade cloth tents (46, 10, and 3%
light transmission)(Table 1) agreed with the manufacturer

specifications (50, 10, and 2% light transmission).

A

comparison of the diurnal photosynthetically active region
(PAR) fluctuations among the light treatments (Figure 1)
revealed consistency with the desired light intensities for

this study.

Diurnal air temperature differences among the

light treatments were small (Figure 2).

The largest

difference in maximum air temperatures was 2.2 C between 100
and 50% light (Table 1).

The largest difference in minimum

air temperatures among the light treatments was only 0.2 C
(Table 1).

Differences in diurnal soil temperatures among

the 50, 10, and 2% light treatments were small or

undetectable whereas the diurnal soil temperatures in the
13

100% light treatments were slightly elevated (Figure 3).
The largest difference in the maximum soil temperatures
among the light treatments was 2.7 C and the largest minimum

temperature difference was 1.9 C (Table 1). Throughout the
period of disease assessment, evaporative potential was much
greater in the 100% light treatment than in the less intense

light treatments (Figure 4). Also, during most of this

period the evaporative potential in the 50% light treatment
was somewhat greater than in the 10 and 2% light treatments

(Figure 4). For all the light treatments, evaporative

potential was extremely elevated during the middle of July,
but decreased substantially towards the latter part of July
and remained much lower for the rest of the disease
assessment period (Figure 4).

Observations.

At the time of inoculation, trees in the

lower light treatments (50, 10, and 2%) were observed to be

approximately 0.5 m taller than the trees in the 100% light
treatments.

As light intensity decreased, leaves were

observed to be increasingly broader, thinner, and more

numerous.

Leaves were increasingly darker green as light

intensity decreased.
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iv.

DISCUSSION

The results of this study support the conclusions of

Parham (25) and Chellemi et al. (11) which also indicate

that increased light intensity is negatively correlated with

disease progression and severity.

It is not clear why

disease severity was greater among trees in the 10% light
treatment compared to the 2% light treatment. The 10% light
treatment apparently has a positive effect on the physiology
of this pathogen (9). For the induction or the development
of asexual and/or sexual structures, many fungi have

specific light intensity and wavelength requirements, and
greater shading changes light quality as well as intensity
(31).

Longer ultraviolet wavelengths promote the

maintenance of high hyphal growth rates of Verticillium

albo-atrum Reinke & Berthier in in vivo studies (6).

Near

ultraviolet radiation stimulated the growth of liquid
cultures of Helminthosporium orvzae Breda de Haan (23)
compared to cultures grown in the dark.

Perhaps the 10%

light treatment provides a required intensity of a specific
wavelength for enhanced development.

Water deficits may predispose some plants to disease

(16, 23, 33).

When disease progression is compared between

droughted and nondroughted trees in the 50, 10, and 2% light
treatments, drought accelerated disease development.

This

effect of drought was not observed among the trees in the

100% light treatments.

Increased light intensity (11,25)
15

and/or high evaporative potential (10) apparently suppressed
disease progression despite the drought predisposition on
these trees in this light treatment.

The negative

correlation between evaporative potential and disease

severity (percentage of leaf area with anthracnose lesions)
(10), is supported by our findings.

The environmental factors that seriously affect disease

development in most plants are light, moisture, temperature,
soil nutrition, and soil pH, and these factors are

interactive (12).

For example, the effect of a change in

light intensity on disease severity is difficult to separate
from the effects of concurrent changes in temperature and
humidity (31); although air temperature differences were

insignificant in this study, leaf surface temperatures

probably increased as light intensity levels increased (25).
Also, it would be difficult to determine in the field which

component (solar radiation, temperature, wind, or humidity)
of a decreasing evaporative potential is correlated to

increasing in disease severity.

However, in the shade cloth

treatments, humidity levels probably increased and the

amount of air movement decreased as the percentage of shade
was increased.

These effects in the lower light levels

would correlate with the decreased air movement and

increased humidity in a dense forest understory.

Although

drought apparently predisposes trees towards an increase in

disease severity, this predisposition can be diminished with
16

increases in light intensity and/or evaporative demand.
The effect of decreased light on photosynthesis is a

lower rate of assimilation of CO2 and compensation for
decreased light is accomplished by raising the proportion of

the plant weight devoted to leaf material and by raising the
proportion of leaf area to leaf weight (broader, thinner
leaves) (16).

These compensations were observed

increasingly on the trees in this study as light levels
decreased.

Besides changes in leaf morphology, other

features that allow leaves to survive in low light levels

are larger chloroplasts, more grana, and more chlorophyll

(17).

Also in this study, chlorophyll concentrations (mg/g

fresh weight) increased with decreasing light levels.
Further work is necessary to determine if environmental

factors affecting the degree of disease severity are related
to the effects on the tree, the fungus, or both.

In vitro

studies relating the colony size of D. destructiva to light
intensity and wavelength would help to determine the effect

of light on the pathogen.

The effects of light and drought

on C. florida could be characterized by determining
compensation points and leaf carbohydrate levels under
various light and drought treatments.

Currently, the most effective means of controlling
dogwood anthracnose is keeping the environment unfavorable

for the pathogen.

According to the findings in this study,

dogwoods subjected to low light intensity and drought are
17

more vulnerable to the rapid progression of dogwood

anthracnose.

Planting dogwoods in full sun light and

keeping them well-watered should help to control dogwood
anthracnose.
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Table 1. Irradiance, air, and potting mediiun temperatures
within shade cloth tents of each light treatment.
Nominal

Cumu

Measured

light

lative

light

treatment

PPFD

treatment

(mol/m-2
/day)

air temp.
max.

(% ambient
light)

soil temp.

min.

(®

max.

min.

C)

100

38.0

100

32.0

17.9

31.3

16.1

50

17.4

46

29.8

18.1

28.6

15.0

10

3.8

10

30.4

17.9

28.6

14.3

2

1.2

3

30.6

18.1

28.6

14.2
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Table 2.

Chlorophvll concentrations in Cornus florida

leaves from trees grown with 100, 50, 10, and 2 percent
sunlight. Values are means of 9 replicates (3 per shade

tent) + standard deviation.

Mean

Chlorophyll
Percent

concentration

light

nig/g fresh weight

100

1.1 ± 0.1

50

1.5 ± 0.2

10

2.7 ± 0.3

2

3.2 + 0.5
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Table 3.

Analysis

of variance of

the percentage

of leaves

with lesions.

Effect

F

OF

ALPHA

15.89

3

0.00

Inoculation

0.67

1

0.42

Water

1.88

1

0.18

Light*Inoculation

1.56

3

0.23

Light*Water

0.38

3

0.77

48.40

12

0.00

Date*Light

3.06

36

0.00

Date*Inoculation

0.85

12

0.60

Date*Water

3.14

12

0.00

Date*Light*Water

1.01

36

0.46

0.52

36

0.99

Light

Date

Inoculation*Date

*Water*Light
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PART II

HEAT TREATMENT OF CORNUS FLORIDA

INFECTED WITH DISCULA DESTRUCTIVA REDLIN SP. NOV.
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i.

INTRODUCTION

The flowering dogwood, Cornus florida L., is a common
native, deciduous understory tree throughout the eastern
United States (11).

In addition to being a valuable source

of food for 42 species of birds and 12 species of mammals,

it is a prized ornamental because of its beautiful pink or
white bracts (14).

More dogwoods are sold in Tennessee than

any other state, with 1989 wholesale dogwood sales estimated
at 30 million dollars (14).

The role of the flowering dogwood as an important

ecological and economic resource is threatened by a disease,
dogwood anthracnose (7).

The disease was first reported in

1978 and 1979 in New York and Connecticut and was mistakenly
attributed to infection by Colletotrichum oloeosporioides

(Penz.) Penz. & Sacc. in Penz. (9).

Recently, Redlin (10)

described the fungus, Discula destructive Redlin sp. Nov.,
as the causal agent of dogwood anthracnose.

The fungus

first invades leaves causing necrotic lesions to develop,
and subsequently, infection grows through to twigs and
branches (8).

Twig and branch dieback occurs in the lower

canopy first (4) because the lower foliage stays wet for a
longer period of time after rainfall or dew (8).

Other

symptoms of the disease include proliferation of epicormic

shoots, trunk cankers, stem dieback, and tree death (7,15).
At this time, there is a lack of therapeutic treatment
for D. destructive.

In 1925, Hammarlund demonstrated that

36

temperatures of 30 to 35 C greatly reduced germination of

conidia of Sphaerotheca pannosa (Wallr.rFr.) Lev. (5).
Recent results of an in vitro study indicated that a
temperature of 35 C for 24 hrs reduced D. destructive

conidia germination to 3 percent (2).

In another in vitro

study, colonies were not produced from conidia when the

temperature was held daily at 35 C for 3 hrs per 24 hr
period, with the remaining time at 20 C (3).

of C . florida

Heat treatment

infected with D. destructive might be

therapeutic for nursery stock.

The objective of this study was to determine the

effectiveness of heat treating C. florida trees infected
with D. destructive.
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ii.

MATERIALS AND METHODS

Heat treatment of detached dogwood leaves infected with
D. destructive.

Detached C. florida leaves infected with D.

destructive were placed individually in a 100 x 15 mm

sterile polystyrene petri dish moisture chamber (Scientific
Products, McGaw Park, Illinois 60085) containing a 9.0 cm,

360 grade filter paper (Scientific Products, McGaw Park,
Illinois) moistened with distilled water.

Leaves were then

incubated in an environmental chamber at 25, 40, or 45 C for
periods of 12, 24, 48, 72, or 96 hr (8 leaves per
temperature-time treatment).

A 12 hour photo period was

provided with incandescent and fluorescent light (34
umol/mVs).

Leaves were stored in moisture chambers at room

temperature after heat treatment and examined under a

dissecting scope every other day for two weeks for

sporulation of the fungus.

When acervuli were found, light

microscopy was used to confirm conidia of D. destructiva.

Using a sterile dissecting needle, spores were transferred

to petri dishes containing a medium consisting of 18 g/1
agar (Difco Laboratories, Detroit, Michigan), 20 g/1 potato
dextrose broth (Difco Laboratories, Detroit, Michigan), 0.25
mg/1 chlorotetracycline hydrochloride (Sigma Chemical

Company, St. Louis, MO), and 0.25 mg/1 streptomycin sulfate
(Sigma Chemical Company, St. Louis, MO).

After colonies

developed 2 cm in diameter, a sterile 5 mm cork borer was
used to transfer inoculum to leaves that had been autoclaved
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twice and placed on the above-mentioned medium.

After

acervuli developed, light microscopy was used to confirm D.
destructiva spores.

This experiment was repeated.

Heat treatment of dogwood trees infected with Discula

destructiva.

On June 25, 1992, 24 dogwood trees

approximately 0.6 m in height and potted in Phoenix 400x

containers (Zarn, Incorporated, Reidsville, North Carolina)
were taken to Ozone, Tennessee and placed under dogwood
trees that had been naturally infected with D. destructiva.

Dogwood anthracnose symptoms had developed on all trees by
August 5, 1992 and they were transported back to the

laboratory and placed in environmental chambers where they
were heat treated at 25, 40, or 45 C for periods of 24, 48,

72, or 96 hr (2 trees per temperature-time treatment).
After heat treatment, leaves with lesions were detached

(four leaves per tree), placed in moisture chambers at room

temperature, and examined under a dissecting scope every
other day for two weeks for sporulation of the fungus.

When

acervuli were found, light microscopy was used to confirm
conidia of D. destructiva.

Using a sterile dissecting

needle, spores were transferred to petri dishes containing a

medium consisting of 18 g/1 agar, 20 g/1 potato dextrose
broth, 0.25 mg/1 chlorotetracycline hydrochloride, and 0.25

mg/1 streptomycin sulfate.

After colonies developed 2 cm in

diameter, a sterile 5 mm cork borer was used to transfer

inoculum to leaves that had been autoclaved twice and placed
39

on the above-mentioned medium.

After acervuli developed,

light microscopy was used to confirm D. destructiva spores.
After heat treatment and leaf sampling, trees were placed in
the greenhouse and observed for heat treatment effects two
weeks later.

Heat treatment of dormant, disease-free dogwood trees.

On February 1, 1992, 30 dormant, disease-free dogwood trees
approximately 0.6 m in height and potted in Phoenix 400x

containers (Zarn, Incorporated, Reidsville, North Carolina)
were heat treated at 25, 40, or 45 C for periods of 12, 24,
48, 72, or 96 hr (2 trees per temperature-time treatment).
After heat treatment, trees were placed in the greenhouse
and examined for heat treatment effects.
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iii.

RESULTS

Heat treatment of detached dogwood leaves infected with

D. destructive.

Numbers of leaves with spores declined with

increases in temperature and incubation time (Figure 1).
Discula destructiva spores were not found on leaves after
heat treatment at 45 C for periods of 72 and 96 hr.
Heat treatment of dogwood trees infected with D.

destructiva.

Discula destructiva spores were confirmed on

leaves after heat treatment of infected trees at 25 C for 96

hr, 40 C for 96 hr, and 45 C for 96 hr (Figure 2).
Increased temperature-time treatments did not result in

corresponding decreases in the number of leaves with viable
spores.

Adverse effects from heat treatment were not

observed on trees after being subjected to 25 C for 96 hr,
40 C for 96 hr or 45 C for 24 hr.

After heat treatment at

45 C for 48 hrs, all of the leaves and stem tips had died,

but new leaves had emerged.

After 45 C for 96 hrs, all of

the leaves had died and one third of the top portion of the
main stem was also killed.

Heat treatment of dormant, disease-free trees.

Differences in rate of bud break, leaf expansion, and leaf
morphology were not observed among the trees after they were

heat treated at 25, 40, or 45 C for periods of 12, 24, 48,
72, or 96 hrs.

Trees were able to withstand the temperature

of 45 C for 96 hrs without apparent adverse effects.
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iv.

DISCUSSION

The findings of previous temperature studies on D.

destructive sporulation on artificial media (2,3) and the
findings in this study on detached leaves indicate that

temperature increases are effective in controlling
sporulation in vitro.

When the effects of the same elevated

temperatures on jji vitro and jji vivo sporulation in this
study are compared (Figures 1 and 2), it can be concluded

that the physiology of the living host may provide the

pathogen with protection not found in vitro.

The concept of

heat therapy involves treating infected plants with high
temperatures for a specified period of time where the host

plants are unaffected or slightly injured, whereas the
pathogen is killed (1,17).

Heat treatment has been

demonstrated to kill many pathogenic fungi infecting plant
foliage without host injury (6,12,13,16,17). However, the
results of this study indicate that temperature-time
treatments needed to effectively kill D. destructive would
cause unacceptable host injury or death to C. florida in an

unhardened condition.

The dosage range between heat

treatment and host injury is much smaller than the dosage
range between fungicidal protection and host injury (17).
In this study, temperature-time treatments of

45 C-96 hrs did not have adverse effects on healthy dormant

trees.

Baker (1) stated that "most plants can safely be

treated with some form of thermotherapy, once we discover
42

what to treat, how to get it into a state of maximum,

tolerance, when to do it, and by what method."

Further

studies are required to determine if increased temperaturetime treatments may be effective in killing D. destructiva
without injury to C. florida once infected trees, become
dormant.

There are other aspects of heat treatment that explain
its lack of use.

Heat treatment does not furnish the

residual protection given by some chemicals (15J.

Also,

there are insufficient commercial incentives to use heat

treatment because there is not a commodity to sell (i).
However, due the increasing controversy over the use of

agricultural chemicals, heat treatment may be more
acceptable and play a greater role in the future.
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Figure 1.

Heat treatment of detached Cornus florida leaves

infected with Discula destructive.

Data of both repetitions

were combined in this figure. Bars represent standard
deviation of the mean (p < 0.05).
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Figure 2. Heat treatment of Cornus florida trees infected
with Discula destructiva. Four leaves from each of two
trees per temperature-time treatment were examined. Bars
represent standard deviation of the mean (p < 0.05).
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